Morphometric, electrophoretic, and immunological procedures were used to probe the structural and physiological differences between triazine-resistant (R) and susceptible (S) isolines of canola (Brassica napus L.). The R biotype exhibited increased grana stacking and decreased amounts of starch compared to the S biotype. Likewise, characters associated with an increase in grana stacking (lower chlorophyll a/b ratio, increased chlorophyll a/b light-harvesting complex, and relatively lower amounts of the P700 chlorophyll a protein and chloroplast coupling factor) were all observed in the R isoline of canola. Proteins which occur with approximately equal frequency in grana and stroma lamellae (plastocyanin, cutochrome f) or present only in the stroma (ribulose 1,5-bisphosphate carboxylase/oxygenase) were not quantitatively different in the two biotypes. Gross anatomical parameters (volume of epidermis, palisade mesophyll, spongy mesophyll, and air space) were similar in the two isolines. Thus, the triazine-resistance mutation does not confer a shade-type anatomy despite the chloroplast changes that are characteristic of shade biotypes or shade adaptions. These data indicate that the differences in chloroplast structure noted previously in comparisons of nonisonuclear R and S weed biotypes reflect differences in the triazineresistance factor rather than characters unrelated to triazine resistance.
Results from several laboratories (4, 10, 21) have shown that chloroplasts of R' weed biotypes differ structurally and biochemically from S biotypes. Compared with the S biotype, R biotypes have larger and more abundant grana lamellae, less starch, an increase in the percentage of Chl a/b light-harvesting protein, and a lower Chl a/b ratio (4, 10, 21) . Similar observations have been made when plants are treated with sublethal levels of herbicides that bind to the 32 kD quinone (herbicide)-binding protein, indicating that the changes in the R biotype are consequences of the slightly lowered PSII activity (20) , characteristic of these R biotypes (9) . Most of these comparisons have centered on differences between chloroplasts of the R and S biotypes. Recently, Holt and Goffner (10) extended these comparisons to the gross anatomy of R and S biotypes of Senecio vulgaris and found striking differences in a number ofanatomical parameters, as well as some of the chloroplast differences noted by others. Triazine resistance in higher plants is due to a single amino acid change in the chloroplast-encoded 32 kD quinone-binding protein (7), the binding site for triazine herbicides (18) . It is unclear why a mutation in a chloroplast gene would confer anatomical 'Abbreviations: R, triazine-resistant; S, triazine-susceptible; RuBisCo, ribulose bisphosphate carboxylase-oxygenase; LHC, light-harvesting Chl a/b complex; TBS, Tris-buffered saline; LDS, lithium dodecyl sulfate. changes, although it is possible that these too are secondary effects of the reduced photosynthetic yield typical of these R biotypes.
None of the studies described above have used isonuclear lines so that, despite the consistency of the chloroplast differences, these differences cannot be unequivocally linked to the mutation conferring triazine resistance, i.e. they may be characteristic of a certain ecotype that was originally selected for some character other than triazine resistance. To eliminate these other nonplastome influences, structural and physiological comparisons were made between a pair of near isonuclear lines of canola (Brassica napus L.) that differ in triazine susceptibility in which triazineresistance was transferred from an R biotype ofthe weed Brassica campestris L. to the canola by repeated backcrosses (2). Structural and biochemical observations ofthese two biotypes indicate that, although the chloroplast differences noted previously were observed in these biotypes, no gross anatomical variations were noted, nor were other alterations that could not be explained as 10 or 2°results ofmutation in the 32 kD quinone-binding protein. Electrophoresis and Western Blotting. Primary leaves of the canola biotypes were ground in a mortar and pestle at a 1:5 (tissue:buffer) grinding ratio in the chloroplast isolation medium of Steinback et al. (18) . The brei was filtered through one layer of Miracloth and centrifuged at 200g for 5 min to remove starch, whole cells and other debris. Chloroplasts were isolated by recentrifugation of the supernatant at 3000g for 15 min. The chloroplast pellet was either solubilized directly for electrophoresis (as for the thylakoids, below) or was shocked by resuspension in 5 ml of 0.15 M Tris-HCl (pH 6.8) on a Vortex mixer and the thylakoids pelleted at 13,000g for 15 min. The resultant membrane pellets were solubilized in 6% (w/v) LDS in 0.15 M TrisHCl (pH 6.8) with 5% (w/v) sucrose and 10% (v/v) glycerol at a Chl:LDS ratio of 1:20. The solubilized membranes were centrifuged at 20,000g for 20 min; only a colorless pellet remained after this centrifugation. A portion of the supernatant was used directly for electrophoresis and another sample was heated in a boiling H20 bath for 1 min.
MATERIALS AND METHODS
Electrophoresis was performed as described elsewhere (21) . Several different percentage acrylamide gels (7.5-15%) were used in the analysis. Gels from the LDS runs were subsequently used for Western blotting, Coomassie blue staining, or heme staining using the procedures of Hoyer-Hanson (1 1). Nine percent acrylamide gels were used for blotting of all of the proteins, except for plastocyanin, where 12.5% gels were used because this protein migrated at or near the front in lower percentage gel systems.
Blotting and immunostaining procedures are as described previously (20) . Rabbit antisera to the chloroplast coupling factor complex, plastocyanin, the P700 Chl a protein, and RuBisCo were used as primary antisera at dilutions of 1:350 to 1:2000. The plastocyanin sera recognizes a single protein of 11 to 13 kD in Western blots. The RuBisCo sera recognizes the large subunit of RuBisCo at 55 kD. The P700 Chl a protein recognizes the 100 kD complex in mildly denaturing gels and two proteins -60 kD that are the apoproteins of this complex in fully denaturing gels (22) . The coupling factor sera, although prepared to the entire complex, recognizes only the a and i3 subunits of canola (both at 59 kD in 9% gels). Gels of whole chloroplast extracts were used for plastocyanin and RuBisCo detection, because plastocyanin is lost from the thylakoids upon washing and RuBisCo is a stromal component. After blotting, heme or Coomassie blue staining, negatives of the gels or blots were scanned in a Bio-Rad densitometer in the transmittance mode for relative quantitation. The results are the average of at least three repetitions of the experiment. The peak heights from the densitometer tracing were analyzed statistically using a student's t test. The values are expressed in tabular form in terms of '%S' for comparison between the two biotypes.
Chl concentrations on whole leaf samples and in thylakoid preparations were determined according to Hiscox and Israelstam (8 (Fig. 1 , Table I ). Likewise, the number of thylakoids per granum was also larger in the R biotype than in the S (Fig. 2) . No grana stacks containing 11 or more thylakoids were noted in the S biotype, whereas 7% of the grana of the R biotype had 11 or more thylakoids/granum. Over 70% ofthe grana ofthe S biotype were in the smallest size class (2-4 thylakoids/granum). Anatomically, the two biotypes appear to be nearly identical (Fig. 3) . By comparing leaf cross-sections of the R and S biotypes morphometrically, no significant differences in the contribution of a single cell type or intercellular space to the internal anatomy of the leaf was noted (Table I) . Because these are isonuclear lines (or nearly so), but differ in their plastome, it can be concluded that the mutation in the 32 kD quinone-binding protein conferring triazine resistance has relatively little direct effect on the anatomy ofthe plant and that the anatomical differences between Senecio biotypes reported by Holt and Goffner (10) are probably due to nuclear differences between the two biotypes. Because (Table I). developmental stage, S biotype leaves would be older (and more developed) than R biotype leaves because the S biotype grows more quickly than the R. Therefore, it is possible that some of the differences observed by these authors were due to differences in age rather than due to the mutation or the biotype per se.
Physiological Comparisons. Various acrylamide concentrations (7.5-15%) were tried and all reveal a striking qualitative similarity between the thylakoid proteins of the two canola isolines. An example of a 9% acrylamide gel separation, like that used for much of the Western blotting, is shown in Figure 4A . Likewise 'state' of Q is also related to the extent of phosphorylation of the LHC (12) and, because PSIH activity is altered in the R biotype, more of the LHC may be phosphorylated (and hence present in the stroma lamellae) in the S biotype. This would explain the relatively small increase inLHC (Table II) in the R biotype compared with the relatively large increase in grana stacking (Figs. 1 and 2) .
Although no absolute protein quantitative determinations can be made from the Western blots unless known amounts of purified antigen have been added to the gel for calibration, the trends in thylakoid protein concentrations predicted from ultrastructural analysis are also reflected in the relative quantitative differences found in Western blots (Table II) . By diluting the extracts up to 4-fold, a linear relationship between protein applied and immune reaction was noted, indicating that, in the concentration range around which the comparisons are based the differences reflect relative antigen concentration differences. Similar relative antigen level determinations were made by Mayfield and Taylor (15) in their examination of chloroplast polypeptide biosynthesis in maize leaves. Blots of the gels probed with antisera to the chloroplast coupling factor, an exclusively unstacked thylakoid constituent, and the P700 Chl a protein, a protein present relatively more in the unstacked thylakoids than the stacked (19) , gave stronger immunoreactions with the S biotypes than the R (Fig. 4,B and D) . The a and lB subunits of the canola coupling factor are not well separated in a 9% gel system and these two polypeptides appear as almost a single band after blotting. Cyt b6/f complex and plastocyanin are dis- -37kD that has been heme-stained for cytochromef 
